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ABSTRACT
Terroir is the set of factors including climate, soil, and management practices that
influence the character of a wine. Of these factors, soil texture and chemistry is a major
determinant in wine grape quality (van Leeuwen et al., 2009). Understanding the
characteristics of the soil is key to making decisions that support the production of the
highest possible quality grapes from the resources available. Few studies have been
conducted in the Snake River Valley AVA (SRVAVA). This study seeks to build upon
the data already available and provide analysis of vineyard-scale terroir in a leading grape
growing district of the SRVAVA.
Nine vineyards from the Sunnyslope wine grape growing district of southwestern
Idaho were selected for their diversity of geographic location and growing environment.
Soil pit locations in each vineyard were determined using a stratified-random sampling
technique and normalized difference vegetation indices (NDVI) calculated from aerial
imagery. This study combines field collection, sampling and analyses of soil texture and
chemistry to characterize the soils in the selected vineyards. The results show the
majority of vineyards contain aeolian or colluvium-derived soils composed of coarse silts
and fine sands. Only two vineyards, those located closest to the Snake River, contain
basalt gravels and lithic sands not observed in the other vineyards. Geochemical data
show an increase in Ca with elevation and a decrease in Fe and Mn with elevation, which
may be the result of varying soil parent materials or recent deposition of sediments.

vi

The results of my study support the presence of vineyard-scale terroir and the
assertion that intra- and inter-vineyard heterogeneity is inherent. Further, my results show
recent sediment deposition and agricultural practices have overprinted the original soil
profiles. Understanding vineyard-specific soil characteristics like those investigated in
this study will allow vineyard owners to manage for specific soil traits and promote the
unique terroir of their product. Management of vineyards in this way can support the
growth of high-quality grapes and the production of desirable wines that reflect the
unique conditions under which they were grown, their terroir.
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CHAPTER ONE: INTRODUCTION TO TERROIR
Terroir, as a concept in winemaking and wine grape growing, has been in place
for centuries. As it has become more popularized in recent decades (e.g. Goode, 2020;
MacNeil, 2015; Puckette, 2015), it has also become more debated. Goode (2014)
describes terroir as a “sense of place.” His definition is poetic and cannot be applied to
quantitative studies, instead portraying a sense of mystique surrounding the process of
grape growing and wine making. Other scholars such as Deloire et al. (2005) and van
Leeuwen & Seguin (2006), insist upon a more rigorous and scientific approach when
investigating the origin of a wine. By considering the practical and measurable aspects of
terroir – temperature, annual precipitation, soil chemistry and texture, canopy density,
etc. – its poetic veil is lifted, making it a more approachable topic for rigorous study.
While disagreements do exist, terroir is most often referred to as the set of factors
including climate, soil, and management practices that influence the character of a wine
(Figure 1.1). This definition focuses on the relationship between physical conditions
involved in grapevine growth and the sensory attributes of the finished product (Haynes,
1999; van Leeuwen et al., 2004; Seguin, 1986). Research with the goal of collecting and
cataloging climate and soil data allows for better informed decision making on the part of
the vineyard owners and managers.
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Figure 1.1

Factors of terroir include climate, management, and soil.
1.1 Factor One: Climate

Climate, like most environmental factors, cannot be controlled, however, an
understanding of climate conditions and patterns as well as their effect on grapevine
health can help guide vineyard management best practices. Additionally, this knowledge
can be used to mitigate possible negative effects of current climate and climate change
(Irimia et al., 2018; Mozell & Thach, 2014; Santillán et al., 2019). For example,
temperature largely controls the start and end of growing season. Warming temperatures
of the spring months bring grapevines out of dormancy and the start of growing season
begins. Warm temperatures at the start of growing season are beneficial for flowering and
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shoot growth, but conversely, too warm of temperatures at the end of growing season
causes the berries to produce excessive sugars resulting in wine with higher alcohol by
volume – a negative effect.
The role of temperature in viticulture is also evident in the selection of cultivars.
Certain cultivars prefer and prosper in distinctly different climates. Cultivars such as
Pinot Gris and Gewürztraminer thrive in cool average growing season temperatures (1315°C) while Malbec, Viognier, and Sangiovese do better in warm conditions (17-19°C)
(Jones, 2018). Furthermore, climate conditions in winter, between growing seasons, can
also determine the success of a cultivar. In winter, extreme low temperatures during vine
dormancy can kill rootstocks and require replanting the following spring, interrupting
wine production. Understanding daily, monthly, and yearly climate trends is important to
vine growth, grape production, and maturation.
The importance of having a balance between extreme lows and highs is important in
precipitation, as well. In more humid regions of the world, high volume and frequency of
precipitation can negatively impact the quality of grapes. In semi-arid and arid regions of
the world, lack of water also has a negative effect on grape production and quality
especially in the absence of irrigation (Meinert, 2018). In regions that are not constrained
in management practices set by law or doctrine, such as those of new world vineyards,
irrigation can mitigate the effects of extreme aridity thus increasing the likelihood of
producing quality grapes. The production of high-quality wine grapes relies on the
balance of both precipitation – seasonality and amount – as well as temperature – annual,
growing season, and diurnal ranges.
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1.2 Factor Two: Vineyard Management
Well-informed vineyard management promotes the growth of quality grapes and,
as a result, quality wine. The role of the vineyard manager is to make decisions based on
both environmental factors and cultivar tendencies. Canopy control, fertilizing, shoot
training, pruning, planting of inter-row cover crops, tilling, and harvesting are the
responsibility of the vineyard manager and the introduction of a human element in terroir
(Deloire et al., 2005; Gladstones, 2011; Klodd et al., 2016). Depending on the region’s
laws and doctrines, old world (i.e., European) vineyards do not always allow the use of
irrigation in the production of grapes. As a result, the roles of climate and soil are felt
more strongly in old world terroir and wines (Lanari et al., 2014). In contrast, new world
vineyards like those in the United States allow the use of irrigation and other
interventions, and vineyard managers have greater control on plant available water and
nutrients. In both cases, though management practices are largely, if not wholly,
determined by the other factors of terroir – climate and soil.
1.3 Factor Three: Soil
Soil, like climate and management practices, has a prominent effect on the quality
of the fruit. For example, soil chemistry controls the macronutrients and micronutrients
available to the plant affecting vine development and grape ripening (Hakimi-Rezaei,
2009; van Leeuwen et al., 2004). Soil texture, pH, salinity, depth, color, water holding
capacity, and cation exchange capacity (CEC) are all crucial to understanding soil’s
effect on grape quality (Burns, 2012). While soil chemistry plays a vital role in the health
of the plant, soil texture also works to determine the growing pattern and fruit production
quality of the vine (Koundouras et al., 1999; van Leeuwen & Seguin, 2006; van Leeuwen
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et al., 2009). Given this, it is critical to understand how the physical and chemical
properties of soil vary within a vineyard and a grape-growing region to best support the
production of quality grapes and wine.
1.4 Problem Statement
Relative to other, more mature wine-grape growing regions, the Snake River
Valley American Viticulture Area (SRVAVA) was established in 2007 and is growing its
recognition as a wine region in the United States (Wilkins et al., 2015). The SRVAVA
extends from Twin Falls, ID to Baker City, OR, but wine-grape production occurs in only
a few districts including the Sunnyslope District (Sunnyslope) in Caldwell, ID (Figure
1.2). Management practices in existing Sunnyslope vineyards have provided quality
grapes annually, and with increased knowledge of growing conditions and vineyard soil
heterogeneity, site specific adjustments can be applied. Additionally, as the SRVAVA
grows in recognition, uncovering and identifying vineyard-specific characteristics can
provide growers and winemakers with a marketable history to aid in the promotion of the
region and their product.
While the broad characteristics of soils in Sunnyslope have been mapped by the
USDA-NRCS, multiple in-situ observations show that soils are more widely varied than
the published data available suggests (United States Department of Agriculture Natural
Resources Conservation Service, 2019; Wilkins et al., 2015). A gap may exist between
the current broadly mapped soils data and the actual soil conditions and characteristics
present in vineyards. This study seeks to improve upon existing macro-scale soil data and
provide an assessment and analysis of soil chemical and physical properties within and
between vineyards.
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Figure 1.2

Boundary of the SRVAVA and the location of the Sunnyslope District
displayed in red (Becker, 2020).
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CHAPTER TWO: LITERATURE REVIEW
2.1 Soil Formation and Regional Geology
A theoretical model introduced by Jenny (1941) states the soil is a function of its
climate, organisms, relief and geomorphology of the area, parent material, and time.
These factors of soil formation, or pedogenesis, are commonly referred to as the
“ClORPT” model. Soil profiles are developed in situ through processes of addition,
erosion, transformation, and translocation of material (Birkeland et al., 1991). Regional
geologic history controls the soil composition, texture, and hydrology through the
introduction of parent material for soil formation and development (Birkeland et al.,
1991; Jenny, 1941). In the case of Sunnyslope, possible soil parent material sources range
from flood to aeolian deposits to weathering of local bedrock.
2.2 Soil Chemistry
Parent material composition influences soil nutrient concentrations, but
underlying geology is not the only factor to consider when thinking about plant available
nutrients. Other factors that may contribute to nutrient abundances include rainfall,
physical and chemical weathering of large clasts such as cobbles and gravels, and the
decomposition of soil organic matter (SOM). SOM is broken down through microbial
activity and provides readily available mineral ions for plant root uptake (Haddix et al.,
2020). Decaying SOM alters the pH of the soil, affecting its cation exchange capacity
(CEC) by introducing negatively charged particles that attract positively charged plant
macronutrient ions. (Brady & Weil, 2010; Haddix et al., 2020; Sharma et al., 2015).
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Plant physiology and growth patterns are affected by available macronutrientspotassium (K), nitrogen (N), magnesium (Mg), and phosphorous (P), and micronutrientsiron (Fe), manganese (Mn), zinc (Zn), and copper (Cu) (Barlow, 2017; Goode, 2014;
Hakimi-Rezaei, 2009; Sharma et al., 2015; White, 2015). For example, elevated K in
soils prevent the fruit from producing acid, an important quality in red wines (Goode,
2014; Hakimi-Rezaei, 2009; Keller, 2015). Fruit quality can decrease as a result of
excessive N. High concentrations of plant-available N increase vegetative growth which
decreases the plant’s fruit production (Hakimi-Rezaei, 2009). Mg plays a vital role in the
vines processes of respiration and photosynthesis, while P is used for the production of
sugar phosphates and nucleic acids (Barlow, 2017). Micronutrients are needed in smaller
quantities for successful vine development, but deficiencies can be detrimental to vine
health and fruit quality. Fe, Mn, and Zn deficiencies can affect leaf development and fruit
set, while Cu may affect flowering (Barlow, 2017; White, 2015). Simply stated, each soil
nutrient performs a unique role in the production and maturation of grapes, and a delicate
balance between toxicity and deficiency must be maintained.
2.3 Soil Texture
While soil chemistry determines available nutrients, it is the physical
characteristics, primarily soil texture, that are most important when considering grape
quality. Van Leeuwen et al. (2004) show that grape quality is quantified by the fruit’s
weight, sugar accumulation, anthocyanin concentration, and pH. Of these factors, van
Leeuwen et al. (2004) demonstrates berry weight, sugar concentration, and anthocyanin
concentration are all functions of soil texture. Changes in texture will affect the porosity
or pore space where water and dissolved mineral nutrients are stored (Fayolle et al., 2019;
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Hakimi-Rezaei, 2009; Hall, 2018). This influences the storage and availability of water
and plant-available nutrients that affect the growth pattern of the vine and grape
maturation (Koundouras et al., 1999; van Leeuwen & Seguin, 2006; van Leeuwen et al.,
2009). Dry soils may have very few water soluble nutrients available for vine root uptake,
while saturated soils have plenty (Brady & Weil, 2010; Keller, 2015). In saturated soils, a
vine will undergo vigorous, vegetative growth. It will put energy toward growing its
canopy up and out rather than spending energy on reproductive growth such as berry
generation and maturation (Koundouras et al., 1999; van Leeuwen & Seguin, 2006; van
Leeuwen et al., 2009). Conversely, vines grown in conditions that provide just enough
water to limit vegetative growth while promoting reproductive growth will begin to
produce fruit (van Leeuwen & Seguin, 2006; Leibar et al., 2017; Wilson, 1999).
Therefore, the importance of soil texture lies in its ability to control the storage and
movement of water near the plant root system.
Soil texture can be estimated in the field by using hand texture methods
(Birkeland et al., 1991). These estimates, collected by hand with soil and water, provide
the relative amounts of sand, silt, and clay sized particles.
However, hand texture estimates are prone to human error and are inherently
subjective. For this reason, other methods of texture analysis need to be used including
laser diffraction, hydrometer, and sieve analysis. Unlike hand texture analysis, these
methods provide subjective, quantitative data.
2.5 Problem Statement Refined
Unknown characteristics in soil geochemistry and texture can have negative
impacts on vine health as well as grape production and maturation through uninformed
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management practices (Gavioli et al., 2019). The collection of soil chemistry and texture
data at this scale has not been conducted in the Sunnyslope District. This research will
provide data that may help designate different management zones within individual
vineyards based on soil conditions and identify micro-terroirs within a single winemaking
region for well-informed cultivar selection and product promotion. Increased success in
wine-grape growing, subsequent wine production, and promotion of its unique terroir
may have a positive impact on Sunnyslope and the SRVAVA as a whole.
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CHAPTER THREE: GEOLOGY AND GEOGRAPHY
3.1 Geologic and Geomorphic History
The Snake River Valley has a complex geologic and geomorphic history. The
Sunnyslope District is located on the terraced interfluve between the Snake and Boise
Rivers in the western Snake River Plain. This area of Idaho has a rich volcanic and
geomorphic history most notably dating back to its Miocene age (18-14 Ma) silicic
volcanism. The inception of this volcanism was met by extensive rifting and faulting
followed by a series of basaltic eruptions and lava flows. The formation of a large
lacustrine environment led to the deposition of sands, silts, and clays. The lacustrine
body, known as Lake Idaho, reached its maximum extent 4 Ma (Gillerman et al., 2006).
In the later regressive stages of this lake environment, basaltic volcanism returned to the
region. As a result, shield volcanoes and volcanic vents are dispersed throughout the
Sunnyslope District of southwestern Idaho (Othberg & Gillerman, 1994).
More recent regionally influential geomorphic activity includes the Pleistocene
Bonneville Flood. First reported by G.K. Gilbert in the 1870s, Ancient Lake Bonneville,
once located in the Bonneville Basin in present day Utah, burst through a natural alluvial
dam near Red Rock Pass, ID ~18 ka (Abril-Hernández et al., 2018; Currey, 1982; Gilbert,
1890; O’Connor, 2016). The flood released 4,750 cubic kilometers (km3) of water
downstream through the Snake River Valley at a maximum discharge of 0.85 million
cubic meters per second (m3•sec-1) eroding and depositing massive clasts of bedrock and
sediment along its path through the Snake River Valley (Abril-Hernández et al., 2018;
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O’Connor, 1993, 2016). Eroded bedrock that was transported as the bedload and
suspended load of the flood was deposited as the power of the flood decreased over time
and where channel constraints widened (Bierman & Montgomery, 2014). Using
identifiable flood deposits and elevation contours, maximum inundation boundaries
estimated by Othberg (1992) and O’Connor (1993) suggest Bonneville Flood sediment is
present in select Sunnyslope vineyards (Figure 3.1).
Subsequent to the flood, regional deposition of wind-blown fine sands and silts, or
loess, comprises the uppermost layer of parent material from which the agricultural soils
in the area may have formed. These aeolian sediments, generally < 70 micrometers (µm),
are transported by means of windblown suspension, soil creep, or saltation before
deposition (Pierce et al., 2011; Roehner, 2018).
Cultivation of the land through tilling, planting, and the introduction of controlled
irrigation practices may have altered the uppermost portion of the soil profiles (0 to 40
centimeters). Soil structure is broken down or altered by biological (plant roots) or
mechanical (tilling) processes and further altered by the translocation of materials down
through the soil profile through irrigation. Distinguishing characteristics of soil such as
texture, hydrology, and chemistry are initially determined by parent material but can be
dramatically altered by human interference. These soil forming processes, in conjunction
with the ClORPT model (Jenny, 1941), should produce a soil profile unique to each
vineyard in Sunnyslope.
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Figure 3.1
Bonneville Flood inundation boundaries estimated by Othberg (dark
blue) and O’Connor (light blue) at different reaches of the flood path. Vineyard
locations shown as white data points.
3.2 Study Sites
This study seeks to identify differences in soil texture and chemistry due to
changes in topography and possible parent material. The following vineyard sites were
selected following vertical and longitudinal transects of Sunnyslope and listed here in
order of elevation from lowest to highest: Emerald Slopes, Kindred, Hat Ranch,
Williamson, Rock Spur, Famici, Bitner, Scoria, Polo Cove (Table 3.1). These vineyards
are a part of the Sunnyslope wine district located in the Snake River Valley of southern
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Idaho (Figure 3.2). Sunnyslope, a small townsite roughly central to the district, is 45 km
west of Boise and extends from Melba, Idaho to Adrian, Oregon.
In the following sections, I provide basic physical descriptions of the vineyard
sites used in this study. Vineyard planting dates are determined through personal
communication with vineyard owners as well as historic imagery. Soil descriptions are
taken from USDA-NRCS data provided through the UCD SoilWeb layer in Google Earth
– these are presented only as broad categorizations to provide comparisons with field
observations.
The location of these vineyards allows for a look at the complex relationship
between elevation, soil development, and cultivar selection due to differences in terroir.
The results of this study will provide better understanding of the district’s unique microterroirs. This knowledge enables vineyard owners to make evidence-based decisions
regarding crop management practices and cultivar selection and produce wines that
reflect their vineyard’s terroir.
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Table 3.1

Summary of field site characteristics and sample size.
Estimated
Area (ha)

Number of
Pits

Number
of
Samples

4.9

5

43

691-704

0.4

4

40

HR

701-708

2.4

9

93

Williamson

WI

721-749

17.0

8

76

Rock Spur

RS

741-752

6.9

9

75

Famici

FM

740-742

1.2

8

81

Bitner

BT

768-784

2.0

8

74

Scoria

SC

796-808

7.3

9

73

Polo Cove

PC

809-819

16.2

8

70

58.3

69

625

Elevation
Range (m)

Vineyards

Abbreviation

Emerald Slope

ES

685-706

Kindred

KD

Hat Ranch

Total

(as of 2019)
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Figure 3.2

Locations of the selected vineyards in Sunnyslope (Google Earth,
2021).

3.2.1 Emerald Slope Vineyard
ES is a 4.9 ha, eastward facing vineyard with elevations ranging from 685 to 706
m. Located in Adrian, OR, ES is the northwestern most site in this study and is the
furthest downstream of the Snake River. At its highest point, ES is 38 m above the Snake
River. For the purposes of this study, the vineyard was divided into upstream and
downstream blocks. Land adjacent to the blocks had been farmed as early as 1994
(Google Earth historic imagery), though vineyard siting and grape production in the north
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block did not begin until 2003, and production in the south block followed ten years later.
UCD and NRCS classify the soil of ES as a silt loam with 0 to 20% slopes (University of
California Davis et al., 2019).
3.2.2 Kindred Vineyard
The smallest of the nine study sites, KD is a 0.4 ha vineyard that sits 0.5 km
northeast of the Snake River. The vineyard is located upslope from a drainage canal and
is primarily westward facing. At its highest point, with elevations ranging from 691 to
704 m, KD is 29 m above the Snake River. Siting for the vineyard began in 2016, and
planting started the following year. KD is planted in fine sandy loam with 0 to 12%
slopes (University of California Davis et al., 2019).
3.2.3 Hat Ranch Vineyard
HR is a 2.4 ha located in Caldwell, ID 1.7 km northeast of the Snake River.
Elevation ranges from 701 to 708 m, and HR has a primarily southwestward facing slope
and its highest point is 33 m above the Snake River. This property has been the site of
large-scale agriculture for at least the past 28 years (Google Earth historic imagery).
Vineyard siting and planting began in 2011 and 2012 and continues to 2019 with the
removal and replanting of the southeast corner of the vineyard. HR is planted in fine
sandy loam and loamy fine sand with 0 to 7% slopes (University of California Davis et
al., 2019).
3.2.4 Williamson Vineyard
Covering 17 ha of land, WI is the largest of the nine vineyards. WI ranges in
elevation from 721 to 749 m and is 74 m above the Snake River at its highest elevation.
Historic imagery shows this primarily southward facing vineyard was planted in phases
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from 2002 to 2006 (Google Earth historic imagery). Vines at WI are planted in fine sandy
loam with 0 to 7% slopes (University of California Davis et al., 2019).
3.2.5 Rock Spur Vineyard
RS is a 6.9 ha site located in Melba, ID. It is the southeastern most site and is the
furthest upstream of the Snake River in the Sunnyslope District. Elevations here range
from 741 to 752 m and at its highest point, RS is 66 m above the Snake River. The
vineyard is northeastward facing and is uniquely situated upon a Bonneville Flood
deposited basalt gravel bar that has been mined as early as 1992 (per Google Earth
historic imagery). Grape planting began in 2018. UCD and the NRCS list the soil at RS
as a gravelly coarse sandy loam (University of California Davis et al., 2019).
3.2.6 Famici Vineyard
The second smallest of the nine study sites, FM sits on 1.2 ha of land located 2.3
km northeast of the Snake River. Elevations range from 740 to 742 m above sea level. At
its highest point, FM is 66 m above the Snake River. Historic imagery reveals the
presence of established agriculture by 2002, but the land was not tilled and planted for a
vineyard until 2013 with its first plantings in 2014. FM is planted in loamy fine sand with
0 to 7% slopes (University of California Davis et al., 2019).
3.2.7 Bitner Vineyard
BT is a southeastward facing 2.0 ha vineyard located 2.8 km from the Snake
River. The slopes of BT are among the steepest of the nine study sites and hardpans of
CaCO3 rich soil are common. Elevations range from 768 to 784 m, and at its highest point
the vineyard is 109 m above the Snake River. Planting started in 1980 and new blocks
were added in the early 2000s (Google Earth historic imagery). BT is planted in fine
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sandy loam and loamy fine sand with 0 to 25% slopes (University of California Davis et
al., 2019).
3.2.8 Scoria Vineyard
Situated on historic family land that had been previously uncultivated, SC is a 7.3
ha, primarily southwestward facing vineyard, with elevations ranging from 796 to 808 m
above sea level. At 133 m above the Snake River, SC is positioned the second furthest
from the channel of the river. A mafic volcanic vent that has produced layers of gravelsized basaltic rock and flows is located to the northeast of SC. This scoria, for which the
vineyard was named at its start in 2014, can be found peppered throughout the soil
profile. SC is broadly planted in fine sandy loam with 0 to 12% slopes (University of
California Davis et al., 2019).
3.2.9 Polo Cove Vineyard
PC, the second largest vineyard in this study, covers an estimated 16.2 ha of land.
The surface of PC is relatively flat and has no dominant aspect. PC is located at the
highest elevation of the study with a range from 809 to 819 m. The vineyard is situated
on a terrace surface 143 m above the Snake River. The vineyard is split into a north and
south block, and both blocks of the vineyard were planted prior to 1992 (Google Earth
historic imagery). PC is planted in loamy fine sand and fine sandy loam with 0 to 3%
slopes (University of California Davis et al., 2019).
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CHAPTER FOUR: METHODS
4.1 Field Methods
4.1.1 NDVI as a Proxy for Differences in Soil Texture
As discussed in section 2.3, soil texture can affect vine growth and vine health.
The distribution and availability of macro- and micronutrients stored in the soil’s pore
space will determine the vigour of the vine and, in turn, the density of the leaf canopy.
However, the distribution of available nutrients is dependent upon soil moisture (Fayolle
et al., 2019; Goode, 2014; Keller, 2015; Leibar et al., 2017). Dry soils may have little or
no beneficial mineral nutrients available for plant life and vine reproductive growth
because nutrients are not in solution and available for root uptake by hydraulic lift (Brady
& Weil, 2010; Keller, 2015). Soil moisture is dependent upon soil hydrology and soil
texture (Evarts et al., 2009; Goode, 2014; Keller, 2015; van Leeuwen & Seguin, 2006;
Wilson, 1999). Simply put, soil texture has an indirect effect on the density of the vine
canopy and vigour.
Remote sensing and aerial imagery provide a quick and easy method for
determining spatial differences in vine health and vigour (Hakimi-Rezaei, 2009; Hall,
2018; Priori et al., 2013). The Normalized Difference Vegetation Index (NDVI) is
calculated using the red and near-infrared (NIR) bands in remotely sensed images. NDVI
values are measured on a scale between 0 and 1.0; an NDVI value of 0 signifies no plant
life, while higher NDVI values (0.8-1.0) are associated with greener, lush, dense biomass
(Cifre et al., 2005; Hall, 2018; Turner & Gardner, 2015). As previously stated, soil
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moisture, as controlled by soil texture, effects the vegetative and reproductive growth of a
vine. It can then be hypothesized that plant vigour (measured by NDVI) is a proxy for
changes in soil texture.
4.1.2 Soil Pit Locations Determined Using ArcMap 10.6 and NDVI images
Pit locations were selected using a stratified random approach. This selection
method allows for control over placement of pits to observe different soil conditions,
allow for vineyard owner input, and ensure pit locations were not clustered (Metzger et
al., 2005; Turner & Gardner, 2015; Zhou et al., 2018). Using this approach, I created
categories or blocks of data that share similar NDVI values and randomize the location of
the soil pit data points within each block.
Aerial images were collected from ArcGIS Online through the National
Agriculture Imagery Program (NAIP) (Figure 4.1). Idaho 2017 1-meter resolution
imagery was imported into ArcMap 10.6 and saved as a new map layer. NDVI was
calculated from the NAIP imagery. As stated in section 4.1.1, differences in NDVI values
may indicate changes in soil texture. In order to ensure the soil pits of a single vineyard
were dispersed rather than clustered in a central location, four to five hand-delineated
polygons were created for each vineyard based on visual differences in NDVI, and two
randomly selected points were placed at least 10 m apart within each polygon (Figure
4.2). Soil pit location maps were created for each vineyard in a true color and NDVI
version (see Appendix A). In the case of younger vineyards like RS, FM, and KD, NAIP
imagery was not up-to-date, and the stratified random pit placement was not feasible.
Instead, soil pits were positioned at the upper, middle, and lower slopes of the vineyard
(Figure 4.3). In the unique case of ES, which is located in Adrian, OR, NAIP imagery
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was not available for 2017 and soil pits were placed in low and high elevations of the
vineyard slopes. The number of pits in this case were dictated by the area of the vineyard.

Figure 4.1

HR soil pit location map shown overlayed on NAIP imagery in true
color.
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Figure 4.2
NDVI determined soil pit locations with hand-delineated polygons.
NDVI value increases from light to dark green with gray representing a value of -1.0
to 0.
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Figure 4.3

Soil pit locations of RS shown in true color image.

4.1.2 Sampling Methods
Pit placement in the field was recorded using georeferencing. Personal GPS units
were used in the field to save the NAD 1983 Idaho UTM coordinates for each point. Pits
were excavated parallel to the orientation of the vine rows, and with a goal depth of 1 m
(Figure 4.4). The depth of the pit was primarily dictated by ability to dig. The goal depth
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was not attainable in all cases due to dry, hardpacked soil or the presence of a CaCO3
duripan.
A soil knife was used to collect samples in 10 cm segments starting at the surface
(0 cm) continuing down the soil profile and key physical features were noted in the field.
Samples are labeled and bagged in quart-sized sealable plastic bags. Samples were
returned to the lab where texture and chemical analysis took place.
Two vineyards provided especially unique conditions for pit excavation. At our
initial vineyard, HR, we were given access to a tractor-mounted backhoe used for pits 3,
6, 7, 8, and 9. This explains the repeated maximum depths of greater than 1 m.
Conversely, at RS, a 1 m depth was repeatedly not achieved as loose basalt gravels
caused soil pit walls to collapse with depth (Figure 4.5).
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Figure 4.4

A typical meter deep excavated sampling pit from PC.
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Figure 4.5

Loose gravels fill in the bottom of a 60 cm soil pit at RS.
4.2 Laboratory Methods

In the lab additional soil characteristics were identified and recorded using
protocols outlined in (Birkeland et al., 1991). Hand texture, ped formation and fragility,
gravel content, and color were determined, and results were recorded in a spreadsheet.
All samples were dried in the oven for at least 10 hours at 100°C and sieved through a 2
mm mesh to sort out coarse gravels and organic material such as root hairs. In the case of
RS, a 1 mm mesh was used to separate out very coarse sands and fine gravels that could
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potentially cause problems during laser diffraction analysis. Two pits from each vineyard
were randomly selected for Mastersizer 2000 (MS2000) laser diffraction (texture)
analysis and portable x-ray fluorescence (pXRF) (chemical) analysis. These pits will be
referred to as pit A (pA) and pit B (pB) from each vineyard and are assigned the
designation based on their pit number in ascending order (see Appendix A).
4.2.1 Geochemical Analysis using pXRF
The abundance of plant nutrients and trace elements from soil parent material can
be analyzed using machines such as x-ray fluorescence (XRF), pXRF, and inductively
couple plasma mass spectrometry (ICP-MS) (Craig et al., 2007; Rouillon et al., 2017).
pXRF is a handheld and cost-effective tool to use in the analysis of soil geochemistry and
was chosen for this study based on accessibility, speed, and cost (Craig et al., 2007; Duda
et al., 2017; Mejía-Piña et al., 2016; Pitcavage, 2011). With little sample preparation
necessary, the pXRF can reliably analyze up to 27 different elements per sample without
sample destruction in an unconventional laboratory setting. An important limitation
associated with the pXRF is a result of sample storage – samples stored in and analyzed
through sealed plastic bags, such as I did in this study, decreases the number of detectable
elements from 27 to 21 (Mejía-Piña et al., 2016). Of the 21 detectable elements, only
notable soil macronutrients and micronutrients detected above the pXRF level of
detection (LOD) were considered for the purposes of this study (Figure 4.6) (Barlow,
2017; Brady & Weil, 2010; Goode, 2014; Wilson, 1999); this group included Ca, Cu, Fe,
K, Mn and Zn.
pXRF analysis measures elemental abundance in parts per million (ppm). For this
study, the analyses were conducted using an Olympus Handheld Spectrometer Model

29
4000. Analysis parameters and protocol followed Cogswell (2020) used the proprietary
Olympus soil sampling mode with an added precious metals package. The instrument
was calibrated daily using standards provided by the manufacturer. Individual sample
analysis took 90 seconds, and triplicates were conducted on the 50 cm sample from each
pit to ensure data accuracy and provide a standard data point for multi-vineyard
comparisons (see Appendix C). This 50 cm sample depth was chosen as the mid-depth of
the one-meter pits and a depth reached and sampled in all soil pits. It is also considered
below the depth of surface vineyard practices such as disking.

Figure 4.6

pXRF reliably measures 27 elements (blue); 6 were chosen for this study
(red). Adapted from Bigler (2021).
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4.2.2 Texture Analysis using MS2000
While hand texture analysis provides an estimation of grain size distribution and
texture classification, laser diffraction using the MS2000 provides an objective and
precise method of measuring grain size distribution and soil texture. The MS2000 uses
static light scattering to determine the size of sediment particles and generate a grain size
distribution curve (Chen et al., 2018), and the data obtained can be used to objectively
determine soil textures for comparisons with other samples.
Results from the MS2000 analysis are skewed as two of the detectors became
inoperable prior to analysis. The missing detectors cause the program to underestimate
the portion of larger grain sizes and affects the fit of the data which is used by the
MS2000 to create grain size distribution curves. However, all samples were analyzed
using the same protocols, and the detectors were consistent through all runs, so
comparisons within and between vineyards can still be made. Percent error in machineestimated sample concentration versus actual sample concentration is used as a metric for
machine accuracy.
MS2000 analysis was conducted according to protocol and parameters set by
Sperazza et al. (2004). Triplicates were conducted every 30 samples to analyze the
machine accuracy (see Appendix D). To ensure the MS2000 measured the actual textures
present in the vineyards, CaCO3 was not dissolved prior to analysis. The goal of MS2000
is to understand soil textures currently present in vineyards, and I did not want to alter the
appearance or textures of particles by dissolving CaCO3 nodules or cemented particle
aggregates. During analysis, the sample is added to 1000 milliliters (mL) of deionized
water until the desired laser obscuration, a measure of suspended sample concentration,
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set by Sperazza et al. (2004) is achieved in the MS200. The goal obscuration range of this
study is between 10-15%. MS2000 ultrasonic is then used for 1 minute to separate
aggregates. Samples are read three consecutive times by the MS2000 for bouts of 30
seconds. An average of the three readings is used to estimate volumetric percentages of
sand, silt, and clay for the sample.
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CHAPTER FIVE: RESULTS
5.1 Hand Texture Results
Soil hand textures in the Sunnyslope District include sand, loamy sand, sandy
loam, sandy clay loam, loam, silt loam, and silty clay loam (Figure 5.1 and Appendix B).
Sandy loam is the most prevalent texture in SC, HR, FM, PC, WI. Silt loam is the second
most abundant texture and can be found in RS, ES, and BT. Loam is the most common
texture in a single vineyard, KD. Hydrochloric acid (HCl) reacted with the pedogenic
CaCO3 in all vineyards, but hardpans, nodules, and grain coatings were found in BT, KD,
and RS.
Fine sands and silts are common in all vineyards, however there are two distinct
outliers. The first, ES, is located furthest downstream and contained layered, lithic sand
lenses at its lowest elevation soil pits closer to the current water level of the Snake River
(Figure 5.2). The second, RS, is located the furthest upstream and its soil pits all contain
fine to coarse basaltic gravels. RS soils pits are also capped by a 20 to 50 cm thick layer
of loess (Figure 5.3).
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Figure 5.1
Ternary diagram of the common soil hand textures (outlined in red)
present among the vineyards, and the top three most common textures (starred)
(Natural Resources Conservation Service, 2021).
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Figure 5.2

Layered sand sample pulled from the soil profile face (top) and the
coarse lithic sands of the profile at 50 cm depth (bottom).

Figure 5.3

Basalt sands to boulders are visible in the soil profiles of RS. An example of a
gravel dominated profile (left) and a loess-rich profile (right).
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5.2 pXRF Results – Individual Vineyards
As stated previously, only six elements were chosen for further comparison – Ca,
Cu, Fe, K, Mn, and Zn (see Appendix C). Individual vineyard results average all sample
abundances per pit to compare the pA and pB within a single vineyard (Figure 5.2). Of
the six elements chosen for pXRF review, Ca and Fe are present in all vineyards at the
highest abundance levels upwards of 60,000 ppm. As noted by the standard deviation
error bars, Ca shows the lowest confidence in data precision. Cu is the least abundant
element overall, though the greatest value is observed in RS pits with maximum values
between 30-40 ppm. Of all vineyards, Cu is least abundant in PC pB at 2.6 ppm.
Variation exists amongst all elements in all pits. The least variation between pits is in K
levels – both PC pits show identical K averages. The greatest difference between pits is in
Ca levels of the two PC pits with nearly 40,000 ppm difference. Mn levels ranges from
290 ppm to 500 ppm with the highest Mn levels present in both RS pits – 508 ppm and
443 ppm in pA and pB, respectively. Zn averages are present most commonly between
40-60 ppm. The greatest difference in abundance present in ES between 45 ppm and 85
ppm in pA and pB, respectively.
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Figure 5.2
Clustered column bar graphs created using the average elemental
abundances per pit, noted as pA for Pit A and pB for Pit B, with a standard
deviation error bar. Abundance (ppm) is shown on the vertical axis. Vineyard
shown on the horizontal axis arranged by elevation from low to high (left to right on
the axes).
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5.3 pXRF Results - Multi-vineyard Comparison
A comparison from one vineyard to the next allows me to observe elemental
abundance as vineyard topography, geologic history, and elevation change. To observe
these intra-vineyard trends, the average elemental abundance of the 50 cm sample is
considered. As stated in 4.2.1, three data points are collected from each 50 cm sample,
which provides more data for our multi-vineyard comparison. Elements at this depth vary
in average abundance from 13 ppm to 65,000 ppm.
Ca is the most abundant in PC with 65,921 ppm and demonstrates the widest
variability and greatest range of values of all the elements (Figure 5.3). Cu showed the
most consistent elemental abundance with vineyard averages between 10 and 20 ppm;
again, RS is an outlier with 36 ppm. Fe and Mn, similar to the observations observed in
Cu, display consistent values between 15,000 and 20,000 ppm and 300 to 500 ppm,
respectively. RS appears as an outlier again in Fe with 29,478 ppm. KD also appears as
an outlier here in Mn with 506 ppm. The highest confidence of result consistency is
displayed in K, and values all range from 9,900 and 13,000 ppm with low standard
deviations between 316 and 1,635. Zn, for the most part, follows this trend with all values
between 47 and 75 ppm. HR, WI and RS all share the highest Zn values all between 73
and 74.5 ppm.
Observing differences in elemental abundance as vineyard elevation increases or
decreases can help our understanding of vineyard history and factors that influence soil
formation. The 50 cm average abundance from pA and that of pB are plotted against their
corresponding soil pit elevations to observe trends that exist as a result of elevation. From
this analysis, Cu displays a weak positive relationship with elevation while Fe and Zn
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have a weak inverse relationship with elevation. K demonstrates no increase or decrease
in abundance with elevation. Ca and Mn both display stronger relationships with
increasing elevations. Ca demonstrates a relatively strong positive relationship while Mn
displays a strong negative relationship with increasing elevation (Figure 5.4).
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Figure 5.3
Box and whisker plots created using 50 cm triplicate readings for both
pits in a single vineyard. Abundance (ppm) is shown on the vertical axis and
vineyards are listed by increasing order of elevation (m) on the horizontal axis.
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Figure 5.4
Scatterplots created using pA and pB 50 cm average readings and
corresponding pit elevation above the Snake River. Abundance (ppm) is shown on
the vertical axis, and elevation (m) on the horizontal axis.
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5.3 MS2000 Results – Individual Vineyards
As stated in section 4.2, the two pits randomly selected for MS2000 analysis were
designated pit A (pA) and pit B (pB) based on their numerical order. The MS2000 results
of pA and pB were organized by sample depth. Grain size distribution charts were
created for individual pits and display the percentage of particles that pass through a sieve
of a specified diameter (see Appendix D). A single distribution chart was created for each
pit – this allows me to observe grain size changes with depth. Traditionally, grain size
distribution charts display smooth, bell-shaped curves with a single hump or inflection
point. The unique shape of my grain size distribution charts is the result of skewed data
caused by the two nonfunctional detectors, and the horizontal axis of my charts
terminates at 2 mm diameter because samples were sieved prior to MS2000 analysis
(Figure 5.5). Grain size distribution charts are helpful tools for complex data
visualization, but ternary diagrams - like that shown in Figure 5.1 – are best for
communicating general findings. pA and pB commonalities and differences are briefly
discussed in the following sections organized by vineyard.
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Figure 5.5
Example grain size distribution chart from ES pA. Percent finer (%)
is displayed on the vertical axis and grain size (mm) is shown on the horizontal axis.
This chart shows a decrease in the fine fraction as depth increases (light blue to
dark blue).
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5.3.1 Emerald Slope Vineyard
The average texture ES pA is classified as a loamy sand. The soil texture coarsens
with depth and the sand fraction reaches its maximum in the last 20 cm of the profile. ES
pB also coarsens with depth; however, it contains more silts and clays than ES pA. The
texture of ES pB borders on loam and silt loam (Figure 5.6).

Figure 5.6
`Average soil classifications of ES pA and pB calculated from MS2000
data. ES pA is a loamy sand and pB borders a loam and silt loam. Adapted from
Natural Resources Conservation Service (2021).
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5.3.2 Kindred Vineyard
KD pA is classified as a loam and its texture coarsens with depth. Clay abundance
is greatest in the 60 cm sample. KD pB displays a similar pattern of coarsening
downward, but it shows an increase in very fine and fine sands past 40 cm. KD pB
contains more sand than pB and for that reason it is classified as a sandy loam (Figure
5.7).

Figure 5.7
Average soil classifications of KD pA and pB calculated from MS2000
data. KD pA is considered a loam while pB is a sandy loam. Adapted from Natural
Resources Conservation Service (2021).
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5.3.3 Hat Ranch Vineyard
HR pA shows a general coarsening with depth, but the abundance of sand begins
to decrease at 90 cm. The texture of HR pA is consistent with a sandy loam. HR pB,
which is situated downslope from pA, is also a sandy loam but displays a decrease in
sand and an increase in fine sediments like silt and clay (Figure 5.8).

Figure 5.8
Average soil classifications of HR pA and pB calculated from MS2000
data. HR pA and pB are both broadly classified as a sandy loam. Adapted from
Natural Resources Conservation Service (2021).
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5.3.4 Williamson Vineyard
WI pA shows fluctuations in texture, but an overall increase in sand with depth.
Abundance of sand is greatest in the 100 cm sample, and on average WI pA is considered
a loam because of its nearly equal abundance of sand and fine sediments. WI pB is also
classified as a loam, but borders on a silt loam because of a slight increase in silt sized
sediment (Figure 5.9).

Figure 5.9
Average soil classifications of WI pA and pB calculated from MS2000
data; pA and pB are considered a loam. Adapted from Natural Resources
Conservation Service (2021).
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5.3.5 Rock Spur Vineyard
RS pA is classified as a loam with equal parts sand and fine sediments. RS pA
shows a trend of decreasing sediment size from 10 to 30 cm followed by a coarsening of
texture from 40 to 80 cm. Clay reaches a maximum abundance in the 20 cm sample
before decreasing in the bottom of the soil profile. RS pB follows a similar trend as pA
and is also considered a loam though it contains more sand than silt and clay. Both RS pA
and pB textures listed above do not take into account the gravel fraction of the whole
sample. If the gravel fraction were to be considered, pA and pB would be classified as a
gravelly loam (Figure 5.10).

Figure 5.10 Average soil classifications of RS pA and pB calculated from MS2000
data; both considered a loam. Adapted from Natural Resources Conservation
Service (2021).
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5.3.6 Famici Vineyard
FM pA is classified as a sandy loam and shows an increase in silts and clays
through 60 cm after which their abundances decrease from 70 to 100 cm. Silt and clay are
most abundant in the 60 cm sample, and sand is most abundant in the 100 cm. FM pB is
also considered a sandy loam though it contains more sand than FM pA. Unlike pA, pB
demonstrates a clearer trend of fining with depth (Figure 5.11).

Figure 5.11 Average soil textures of FM pA and pB calculated from MS2000 data;
both are considered a sandy loam. Adapted from Natural Resources Conservation
Service (2021).
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5.3.7 Bitner Vineyard
BT pA is classified as a sandy loam though it reaches a fraction of a percent of
clay at 80 and 90 cm. Sand reaches its maximum abundance at 80 cm. BT pB shows no
definitive pattern of fining or coarsening with depth. Instead, clay abundance is consistent
in the 50, 80, and 90 cm samples. On average, pB is also classified as a sandy loam
(Figure 5.12).

Figure 5.12 Average soil textures of BT pA and pB calculated from MS2000 data.
Both pits are classified as a sandy loam. Adapted from Natural Resources
Conservation Service (2021).
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5.3.8 Scoria Vineyard
SC pA is classified as a sandy loam because it has near equal abundances of sand
and fine sediments. Silt abundance in SC pA increases with depth from 10 cm to 90 cm,
but sand increases in the last 10 cm of the soil profile. SC pB is also classified as a sandy
loam. There is a similar increase in fine sediments, primarily silt, as depth increases.
Similar to SC pA, sand increases at 90 cm in pB before dropping again at 100 cm (Figure
5.13).

Figure 5.13 Average soil textures of SC pA and pB calculated from MS2000 data.
Both pits are classified as a sandy loam. Adapted from Natural Resources
Conservation Service (2021).
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5.3.9 Polo Cove Vineyard
On average, PC pA is classified as a sandy loam bordering on loam as it contains
near equal amounts of sand and fine sediments. PC pA shows two distinct texture
grouping in the soil profile. The first 40 cm are predominantly composed of sand, while
the last 30 cm are dominated by fine sediments. PC pB is also classified as a SL, but it
contains greater than double the amount of sand than silt and clay. PC pB does not show
texture groupings like those observed in pA. There is instead a fluctuation of decreasing
and increasing sand abundance with depth (Figure 5.14).

Figure 5.14 Average soil textures of PC pA and pB calculated from MS2000 data.
PC pA boarders a sandy loam and loam, but pB is classified as a sandy loam.
Adapted from Natural Resources Conservation Service (2021).
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5.4 MS2000 Results - Multi-Vineyard Comparison of 50 cm D50
The results presented support the assertion that soil heterogeneity exists within a
vineyard landscape. To understand similarities and differences between all nine vineyards
in this study, I compared the median grain size, D50, from the 50 cm sample in the pA and
pB of each vineyard. The 50 cm sample was selected to maintain a consistent depth for
both pXRF and MS2000 multi-vineyard comparisons. As stated in 4.2.2, MS2000
analysis of a sample generates three separate readings and an average. Box and whisker
plots were created using the pA and pB 50 cm MS2000 data to display the range and the
average D50 value for each vineyard (Figure 5.15).
Among all vineyards, D50 particle sizes range from 27 µm to 737 µm, with the
greatest range at ES and RS. SC shows the most consistency in D50 measurements with a
range of only 12.70 µm and a standard deviation of 4.7 µm.
In addition to the box and whisker plots, I tested for any relationship between soil
texture and vineyard elevation. I generated a scatterplot of vineyard average D50 values
against elevation. Results show that average D50 has a weak inverse relationship with
elevation (Figure 5.16). With the exception of ES and RS, the average D50 for all
vineyards remains less than 150 µm – a very fine sand – for all vineyards. This is
consistent with the soil hand textures taken for each vineyard.

55

Figure 5.15 Box and whisker plots for D50 measurements from 50 cm samples of
pA and pB from each vineyard. Due to their larger scale, RS and ES are removed
from the bottom plot and the vertical axis is adjusted for a closer look at the
remaining vineyards.
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Figure 5.16 Scatterplot of vineyard D50 averages against elevation. Error bars
show standard deviation. Particle size (µm) on the vertical axis and vineyard
elevation on the horizontal axis. Grain size equivalents displayed within the chart
along the vertical axis from fine sediments – silt and clay – through coarse sands.
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CHAPTER SIX: DISCUSSION AND SUMMARY
6.1 Connecting Soil Textures and Regional Geologic History
The goal of this study is to identify and assess the similarities and differences of
soil characteristics within and among vineyards in Sunnyslope. Field observations, hand
texture, and MS2000 indicate the dominant grain size of the vineyard soils ranges from
coarse silts to fine sands.
Two major outliers include the soils of the furthest downstream and upstream
sites, ES and RS. These two vineyard sites are closest to the main channel of the Snake
River and would have been in the direct flow path of the Bonneville Flood’s maximum
velocity at that site. The marked differences in soil characteristics at these two sites
compared to those of sites farther away from the main flood path leads to an evaluation of
the varied influences of the flood on soils in this study. (Figure 6.1)
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Figure 6.1

Location map of ES and RS in Sunnyslope shows the downstream
location of ES in relationship to RS (Google Earth, 2021c).

6.1.1 Reevaluating the influence of the Bonneville Flood on Sunnyslope soils
The Bonneville Flood, which originated in what is now modern northwestern
Utah, burst through Red Rock Pass and flowed north into Idaho where it intercepted the
Snake River at Pocatello. This Pleistocene megaflood, with a maximum discharge of 0.85
million m3•sec-1, eroded bedrock and transported clays, silts, sands, and boulders. The
waters of the flood followed the path of the Snake River westward through southern
Idaho and north into Hells Canyon. The stream power and transport-competence of the
flood varied with channel constrictions along the canyon of the Snake River. Where the
canyon was deep and narrow, the flow’s power increased to erode and transport the
larger, boulder-sized clasts. Where the canyon widened, the power diminished, and the
flow was no longer able to carry the gravels, sands, and silts of its bedload and suspended
load (O’Connor, 1993). Sediment size decreases with distance from the main channel and
flow. Subsequent to the flood, sediment available for reworking and colluvial (i.e.,
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downslope) and aeolian transport and deposition. These processes may explain the
presence of Bonneville Flood sediment at elevations further away from the main channel.
Sunnyslope, both as a whole and in the selected vineyards, may help refine the
influence of Bonneville Flood deposits on soil development. The maximum inundation
elevation estimates set by Othberg (1992) and O’Connor (1993) (refer to Figure 3.1) and
the presence of silts and fine sands suggest that ES, KD, HR, WI, RS, FM and BT are
likely derived from either direct or reworked flood sediment identified at a few locations.
Observations in this study show a distinct change in composition between sites near and
distant from the channel.
The ES soil profile is comprised of fine to coarse lithic sands in locations of the
vineyard nearest the Snake River. RS contains loose basalt sands, gravels, and boulders in
nearly all of its soil profiles. The lithic sand lenses visible in ES can be explained by the
vineyard’s proximity to the Snake River and its location in the direct, high energy flow
path of the Bonneville Flood. ES is located at the western distal edge of the Sunnyslope
District in the Snake River Valley. The wide valley configuration at this site would have
diminished the power of the flood, and the eventual calming of the waters would lead to
the deposition of more silts and fine sands compared to RS, but the textures are still
coarser than other vineyard sites farther away from the main flow.
Unlike ES, the presence of basaltic boulders, gravels, and sands at RS cannot be
explained by channel widening. Instead, the unique profile is the direct result of the
geographic location of vineyard. RS is located within a narrower, deeper reach of the
flood’s path on what is now referred to as Walters Bar. The waters in this reach were
faster with more power to carry larger sediment such as coarse gravels, cobbles, and
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boulders eroded from upstream. Upon encountering a mid-channel obstruction, the
volcanic neck remnant located southeast of vineyards current location, the flood waters
lost power as they flowed around the obstruction and the larger sediment feel out of
suspension or bedload. This mid-channel obstruction, a reminder of the regions’ volcanic
history, resulted in the formation of the Bonneville Flood-scale gravel bar that the vines
are RS are rooted in (Figure 6.2 and 6.3).
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Figure 6.2
Aerial view of Walters Bar depicting the flow path of the flood (blue
arrows), the channel obstruction, and the resulting gravel bar (top). Perspective
view of the channel obstruction, gravel bar, and current vineyard location
(bottom)(Google Earth, 2021).

Figure 6.3

5 m tape

rip up clast

Foresets and rip up clasts are visible in this cross section view of the
Rock Spur gravel bar.

Flow Direction
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6.2 pXRF Trends Strengthen Connection Between Modern Vineyard Soils and
Regional Geology and Geomorphic History
I selected Ca, Cu, Fe, K, Mn and Zn for focused examination and discussion
because these nutrients are important to the development of the grapevine and maturation
of the berries (Barlow, 2017; Goode, 2014; Hakimi-Rezaei, 2009; Sharma et al., 2015;
White, 2015). In addition to their function as soil nutrients, these elements are also key
components of a number of potential regional parent materials.
In all vineyards, Ca is the most abundant of the six elements. These high levels of
Ca may be linked to Quaternary loess deposition in this arid terrain of the Western Snake
River Valley. This silt-sized, windblown sediment is naturally rich in Ca and hand
textures indicate the presence of this particle size in the vineyards’ soil profiles (Pierce et
al., 2011; Roehner, 2018). While elevated Ca levels can be attributed to the present loess,
Ca abundances can also be tied to the pedogenic CaCO3 encountered in a number of
vineyards. The CaCO3 found in these profiles is present in early and late stages of its
formation.
Ca abundance is greatest at PC, the vineyard at the highest elevation, with a value
of 65,921 ppm. With an elevation of 814 m, PC is located well above the bounds of the
Bonneville Flood as reported by Othberg (1992). The vineyard is situated on a flat lying
terrace surface which decreases the likelihood of erosion by seasonal flooding or
colluvial transport. The average texture of the vineyard is a sandy loam which also
indicates the presence of silt sized particles. Additionally, an impenetrable CaCO3 layer
was encountered in three soil pits of PC during field excavation. Therefore, the
abundance of Ca at this site is consistent with undisrupted loess deposition and ongoing
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formation of pedogenic CaCO3 as demonstrated by its geomorphic location and soil
characteristics.
Fe is the second most abundant among all vineyards. The high levels of Fe are
likely related to both the region’s volcanic history and the Bonneville Flood. Basalt, an
Fe-rich volcanic rock is present in two forms. The first form is seen in the soils of RS
where profile faces are dominated by basaltic gravels. RS also has the greatest average
abundance of Fe at 29,478 ppm. The second form is visible in the soils of SC where
oxidized basaltic rock is strewn across the vineyard’s surface and peppers select soil
profile faces. The source of Fe in the remaining vineyards is less clear. One explanation
is that the silts and sands of these remaining vineyards is composed of weathered basalt
transported by fluvial or aeolian means.
Trends in elemental abundance with elevation can provide clues about parent
material and soil development over time. Results suggest Ca has a positive correlation
with elevation while Fe and Mn display a negative correlation with elevation. The
increase of Ca with elevation may be attributed to the Bonneville Flood and postBonneville Flood reworking of sediment. The flood waters may have washed away older
Ca-rich loess at lower elevations. Post-flood reworking of Bonneville Flood sediment and
pre-Bonneville Flood loess are caused by regional winds and human land use. Particles
that are too large to be carried by aeolian processes may instead be transported, generally
downslope, as colluvium. Sediments on hillsides or locations upslope from vineyards can
be transported downslope through surface flow and human activities such as tilling.
Recent loess deposition may be washed away from surfaces where overland flow is more
prevalent, as well as flooding occurring along the Snake River. In locations like PC, out
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of reach of the Flood and lying on a flat, terrace surface, pre-Bonneville Flood loess
deposition may be better preserved. Therefore, as distance from the Snake River and
elevation increase, Ca becomes more abundant.
While Ca abundance increases with elevation, Fe and Mn abundance generally
decrease with elevation. As elevation and distance from the Snake River increase, the
presence of this basaltic, flood deposited sediment becomes rapidly less pronounced.
Regional basaltic volcanic activity and Bonneville Flood erosion and deposition have
been overprinted by loess and modern agriculture. Therefore, as elevation and distance
from the Snake River increase, loess and other sediment deposition (e.g., human
reworking for agriculture) may hide traces of Fe and Mn abundance. For example, Ferich volcanic clasts produced by regional volcanism pepper the soil profiles of SC, but
the deposition of silts and very fine sands has covered the volcanic bedrock below. Even
in the case of RS, basaltic gravels are capped by at least 30 cm of loess deposition; it is
only by observing the deeper soil profile that we see the increased Fe and Mn. Through
our observations of vertical trends in pXRF data we can begin to tie together the modern
chemical characteristics of the vineyards’ soils with the previous and current
geomorphology of the Snake River Valley.
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6.3 MS2000 Comparisons Support Vineyard-Scale Heterogeneity and Role of
Elevation in Grain Size Distribution
Multi-vineyard comparisons of D50 measurements help us understand the role of
regional geomorphic events and elevation in textural differences. D50 averages (i.e., the
average of D50 measurements in pits A and B) of ES and RS, which indicate the common
particle size is consistent with a medium sand, are greater than the remaining seven
vineyards. Bonneville Flood deposition of basalt gravels and lithic sands in RS and ES,
respectively, is most likely responsible for the increase in medium and coarse sand-size
particles in these two vineyards.
In the remaining seven vineyards, there is no discernible change in grain size with
an increase or decrease in elevation. The D50 average grain sizes in these seven vineyards
can be classified as either a coarse silt or very fine sand, and those textures can likely be
explained by the recent regional deposition of loess. This is also consistent with pXRF Ca
readings in these vineyards, a characteristic attributed to the prevalence of Ca-rich loess.
MS2000 texture analysis of individual vineyards provides a quantifiable
assessment of sand, silt, and clay abundance of a sample; this objective measure makes
comparing hand textures between and within vineyards less rigorous. Based on these
results, we can conclude that soil profile textural heterogeneity is present within an
individual vineyard as well as between vineyards, and can be exemplified by the results
from ES and BT.
6.3.1 Emerald Slope
As noted earlier, ES pA is defined as a loamy sand while ES pB may be defined
either as a loam or a silt loam. While both soil profiles coarsen with depth, pA contains
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92% sand in the last 20 cm depth, while pB reaches a maximum of just 60% sand in its
profile. pA is in the upstream block and only 285 m upslope from the Snake River, while
pB is located in the downstream block, 375 m from the current surface of the Snake
River.
The downstream block of ES has a low-lying area resembling a drainage basin
near its center that extends east to west with areas of higher elevation north and south,
and pB lies north of this low elevation basin (Figure 6.4). Topography of the surrounding
area suggests there is a connection between the downstream block and the drainage basin
including the hillside located upslope from the vineyard. This drainage network has since
been overprinted by more recent agricultural activity that has left an abandoned drainage
channel in the downstream block. The upstream block slopes to the southeast toward the
river.
With its proximity to the main channel of the Snake River (38 m away), the sites
at ES would certainly have been in the direct flow of the Flood. The layered lithic sands
visible in one of the five pits at the time of sample collection and the coarsening of
texture with depth strengthen this assertion. Flood deposited sediment may have been
washed away in the downstream block by the drainage that was once there.

Figure 6.4
Perspective view of ES downstream block displays the low-lying basin
in the center of the vineyard and the flattened surface of the upslope agricultural field
(Google Earth, 2021).
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6.3.2 Bitner Vineyard
Soils of both pits at BT are classified as a sandy loam. BT pA shows a clear
pattern of coarsening with depth and a declining trend in clay abundance approaching
0%, while BT pB remains consistent in size distribution at all depths (Figure 6.5). BT,
unlike ES, is located on a single block of land with a southwest facing slope. Unlike pB,
CaCO3 nodules were observed in the top 50 cm of pA. The presence of CaCO3 nodules,
since not dissolved prior to MS2000 analysis (see section 4.2.2), could bias the texture
and grain size of the sample, making sand-sized particles appear more abundant. This
could explain the 12% difference in sand abundance between pA and pB. Additionally,
pB is located at the bottom and confluence of two slope faces in the vineyard - through
colluvial transport, material is likely being added to the soil profile of pB from upslope.
With frequent to slow but continuous deposition, horizon development may be absent,
and may also explain why pB maintains a consistent texture and exhibits no evidence of
development from the surface to its maximum depth.
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Figure 6.5
Grain size distribution charts for BT pA and pB and inset map
displaying the upslope location of pA and the downslope location of pB.
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6.4 Summary
The purpose of this study was to assess and summarize trends in soil chemistry
and texture, expanding on the limited existing terroir research of vineyards in the
Sunnyslope District in the SRVAVA. This study provides a more refined understanding
of soil derivation and vineyard geologic history. Its relevance relies on the desire of
current vineyard owners and potential vineyard developers to understand the geologic
and historic contexts of their soil as part of the story of their vineyard and its unique
terroir.
From the analyses, I show that the fingerprint of the Bonneville Flood is most
visible in the chemical and textural data of ES and RS. I also show that post-flood
sediment deposition and, most recently, agricultural reworking of the land has altered the
soil profiles. The findings strengthen the assertion that heterogeneity exists in
geochemical characteristics, soil parent and added material, and grain size distribution
within and between vineyard landscapes. The knowledge of unique conditions that lie
underfoot at each vineyard can be used in management practices and product promotion
to help improve wine-grape quality and grow the region’s recognition in the country’s
wine sphere.
Should terroir research continue in the Sunnyslope vineyards and greater
SRVAVA, I suggest a finer resolution investigation of the soil’s direct impact on vine
water status and canopy density be considered. This could be coupled with research
relating to vineyard soil organic chemistry, macronutrient availability, and irrigation
practices that may be beneficial in the ongoing goal to produce the highest quality wine
grapes.
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APPENDIX A
Soil Pit Location Maps

81
A.1 Emerald Slope

Figure A.1 True color site map of ES. Pits selected for pXRF and MS2000
analysis are designated (starred). Adapted from (Google Earth, 2021).

82
A.2 Kindred

Figure A.2

NDVI (top) and true color (bottom) site maps of KD. Pits selected for
pXRF and MS2000 analysis shown in true color (starred).

83
A.3 Hat Ranch

Figure A.3

NDVI (top) and true color (bottom) site maps of HR. Pits selected for
pXRF and MS2000 analysis shown in true color (starred).

84
A.4 Williamson

Figure A.4

NDVI (top) and true color (bottom) site maps of WI. Pits selected for
pXRF and MS2000 analysis shown in true color (starred).

85
A.5 Rock Spur

Figure A.5

True color site map of RS showing the pits selected for pXRF and
MS2000 analysis (starred).

86
A.6 Famici

Figure A.6

True color site maps of FM showing the pits selected for pXRF and
MS2000 analysis (starred).

87
A.7 Bitner

Figure A.7

NDVI (top) and true color (bottom) site maps of BT. Pits selected for
pXRF and MS2000 analysis shown in true color (starred).

88
A.8 Scoria

Figure A.8

NDVI (left) and true color (right) site maps of SC. Pits selected for
pXRF and MS2000 analysis shown in true color (starred).

89
A.9 Polo Cove

Figure A.9

True color site map of PC full extent.

90

Figure A.10 NDVI (top) and true color (bottom) site maps of PC Block 1. Pits
selected for pXRF and MS2000 analysis shown in true color (starred).
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APPENDIX B
Hand Texture Data

92
The following USDA hand texture charts include soil sample pit number, depth,
color measured before and after oven drying, soil ped structure, sample consistence when
wet and before and after oven drying, and a final estimation of soil hand texture. An indepth explanation of the USDA hand texture chart abbreviations and the protocol
followed in this study can be found in Birkeland et al. (1991).
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APPENDIX C
pXRF Returned Data (in parts per million)
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APPENDIX D
MS2000 Grain Size Distribution Charts & Triplicate Data
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